Objective: It has been repeatedly hypothesized that at least 3 distinct types of body representations do exist: body schema, a representation derived from multiple sensory and motor inputs; topological map of the body, a structural description of spatial relations among the body parts; and body semantics, a lexical-semantic representation. Although several studies have assessed neural correlates of the topological map of the body in healthy participants, a systematic investigation of neural underpinnings of the topological map of the body in brain-damaged patients is still lacking. Method: Here we investigated the neural substrates of topological map of the body in 23 brain-damaged patients, both from a topological and an hodological perspectives, using Voxel Lesion Symptom Mapping and atlas-based track-wise statistical analysis. Besides neuroimaging investigation, consisting of T1-weighted and FLAIR sequences, patients underwent the frontal body-evocation subtest (FBE) to assess the topological map of the body. Results: The present results reveal a large-scale brain network involved in the topological map of the body assessed with FBE, encompassing both regions of primary elaboration and multisensory associative areas, in the temporal, parietal, frontal, and insular cortices. Hodological analysis revealed significant association between processing of the body topological map and the disconnection of the frontomarginal tract. Conclusions: These findings suggest that the topological map of the body is built up basing on both external and internal information that comes from the body and are constantly updated and integrated. The theoretical and clinical relevance of these results is discussed.
expression of nearly all cultures, since the beginning of civilization.
From a neuroscientific point of view, the body represents a unique object of investigation, being the only one we can explore from an internal point of view. This has led neuroscientists to increasingly focus on studying how the brain processes the body (Carruthers, 2008) . A triadic taxonomy has been developed that identifies three distinct types of body representations: (a) a verbally coded knowledge, that is, a semantic and lexical representation of the body, involved in naming body parts and in recognizing their specific functions; (b) a visuospatial representation (hereafter called topological map of the body) that processes location and spatial features of single body parts, as well as their boundaries and reciprocal spatial relations; and (c) a dynamic representation of the body (body schema), that guides actions on the basis of sensorimotor afferent and efferent information of the body (Schwoebel & Coslett, 2005; Sirigu, Grafman, Bressler, & Sunderland, 1991) . Longo (2016) provided an overview of previous studies on different body representations according to two main dimensions, namely the perceptual versus conceptual and the explicit versus implicit dimensions. In this framework, six body representations were identified: (a) the body image, which processes the conscious experience of the size, the shape, and the other physical proprieties of our bodies; (b) the body schema, which mainly overlaps with previous definitions of body schema (see Head, 1920) ; (c) the superficial schema, which mediates the localization of stimuli on the body surface; (d) the body model, which encompasses the metric properties of the body underlying perception; (e) the body semantic, which conveys abstract knowledge of the body; and (f) the body structural description, which consists of a spatial representation of the body parts relative to each other.
Terms like body structural description and body structural representation have been used to refer to the conceptual, implicit representations of the body. Our previous studies demonstrated that the spatial relation between body parts is not completely hard-wired in the brain, but it develops as a consequence of the actual interaction with our own body and may be affected by peripheral and central lesions (Palermo, Di Vita, Piccardi, Traballesi, & Guariglia, 2014) . In this vein, tasks tapping on the spatial relation between body parts require the interaction between the higher-level percepts, defined by Longo and colleagues (2010) "somatoperception," and the abstract knowledge about one's own body, defined by Longo and colleagues (2010) "somatorepresentation." Here we will use "topological map of the body" to indicate the representation involved in tasks tapping on the spatial relations among body parts, and that is based on the interaction between somatoperception and somatorepresentation.
Neuroimaging studies on healthy individuals, using different methodologies (i.e., functional magnetic resonance imaging, transcranial magnetic stimulation, transcranial direct current stimulation), have demonstrated a pivotal role of the parietal cortex in processing the spatial relations among body parts (CorradiDell'Acqua, Acqua Hesse, Rumiati, & Fink, 2008; CorradiDell'Acqua, Tomasino, & Fink, 2009; Ehrsson, Kito, Sadato, Passingham, & Naito, 2005; Felician et al., 2004; Le Clec'H et al., 2000; Spitoni et al., 2013; Urgesi, Calvo-Merino, Haggard, & Aglioti, 2007) . Hodzic, Kaas, Muckli, Stirn, and Singer (2009) found that right fronto-parietal connections subserve the visual processing of both one's own body and others' body. Several studies agree with the fact that such a process shows cerebral lateralization, however, results are inconsistent in terms of where in the brain it is lateralized: Spitoni and coworkers (Spitoni, Galati, Antonucci, Haggard, and Pizzamiglio (2010; Spitoni et al., 2013) and Urgesi et al. (2007) found that the right angular gyrus and the superior parietal lobe were involved in processing the spatial relationships among body parts, whereas Corradi-Dell'Acqua and coworkers (2008 Ehrsson et al. (2005) , and Felician et al. (2004) found that this process engaged left postcentral sulcus, the anterior part of the intraparietal sulcus and left superior parietal lobe. Unresolved lateralization of the network subserving the nonaction oriented body representation (NA), that includes also the topological map of the body, emerges also in a recent metaanalysis of fMRI studies (Di Vita, Boccia, Palermo, & Guariglia, 2016) . Interestingly, Berlucchi and Aglioti (2010) , in reviewing studies about the role of the extrastriate body area (EBA), noticed that the right EBA is more active than the left one in processing the body, and that the laterality of body selective areas is still poorly investigated.
Findings in healthy individuals are consistent with evidence coming from neuropsychological investigations in brain damaged patients, which also shed some light upon unresolved question about lateralization. For example, a deficit in representing relations among body parts-namely, autotopoagnosia-is generally associated with lesions of the parietal lobe in the left hemisphere (Denes, 1989; Guariglia, Piccardi, Puglisi Allegra, & Traballesi, 2002) . Schwoebel and Coslett (2005) found that deficits in the visuospatial body map were more frequent after a left temporal lesion. However, evidence about deficits in processing spatial knowledge of the body following damage of the right hemisphere suggests that also the right hemisphere plays a crucial role in topological map of the body. Specifically, patients with personal neglect, a neuropsychological disorder usually resulting from lesions within the right hemisphere, show deficit in tasks tapping the topological map of the body (Di Vita et al., 2017; Palermo et al., 2014) .
Notwithstanding many studies have investigated its neural underpinnings in healthy individuals, a systematic investigation of brain networks involved in deficit of topological map of the body is still lacking. Here we fill this gap investigating the neural underpinnings of topological map of the body in focal braindamaged patients, with the aim of providing a systematic picture of the brain areas causally engaged in this kind of representation. To this aim, we performed a topological and an hodological anatomoclinical correlation study on left and right brain-damaged patients, directly investigating topological map of the body by using frontal body-evocation subtest (FBE) of the body representation test.
Materials and Methods

Participants
After obtaining their informed consent, 23 brain-damaged patients with unilateral stroke were enrolled in the study. The patient group included seven patients with left brain damage (LP; M age ϭ 60.57, SD ϭ 7.48; M education ϭ 9.43, SD ϭ 4.50), and 16 patients with right brain damage; right brain-damaged patients were further divided according to presence (right brain damaged patients with personal neglect, RPNϩ ϭ 7; M age ϭ 66.86, SD ϭ This document is copyrighted by the American Psychological Association or one of its allied publishers.
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10.62; M education ϭ 9.57, SD ϭ 5.02) or the absence of personal neglect (right brain damaged patients without personal neglect, RPN-ϭ 9; M age ϭ 60.33, SD ϭ 20.52; M education ϭ 10.67, SD ϭ 5.38); criteria for this further division are specified below. A group of nine healthy controls with no history of neurologic or psychiatric diseases, or general cognitive impairment (see below), matched for age and education with those of patients (C; M age ϭ 63.22, SD ϭ 11.61; M education ϭ 12.33, SD ϭ 5 .17) was also included. One-way analyses of variance (ANOVAs) on age (F 3,28 ϭ 0.351; p ϭ .789) and education (F 3,28 ϭ 0.572; p ϭ .638) did not reveal differences among the groups. The study was approved by the local ethics committee and was carried out according to the principles of the Helsinki Declaration.
Behavioral Testing: General neuropsychological Assessment
All patients underwent a neuropsychological examination that included an assessment of abstract and/or verbal reasoning (Raven's colored progressive matrices- Basso, Capitani, & Laiacona, 1987; Raven, 1938; or Spinnler & Tognoni, 1987) , to exclude patients affected by deficits in abstract reasoning abilities and/or cognitive deterioration. Language comprehension skills were extensively assessed in left-brain-damaged patients by an expert clinical neuropsychologist through a variety of tests that required a word and a sentence-level auditory comprehension: Token test (Spinnler & Tognoni, 1987) , the comprehension subtests of "Esame del Linguaggio" (Ciurli, Marangolo, & Basso, 1996) and "Batteria per l'Analisi dei Deficit Afasici" (Miceli, Laudanna, Burani, & Capasso, 1994) . The presence of visuospatial neglect was assessed by means of the Standard Battery for the Evaluation of Hemineglect (Pizzamiglio, Judica, Razzano, & Zoccolotti, 1989) , which includes four tests: Letter Cancellation, Line Cancellation, Wundt-Jastrow Area Illusion, and Sentence Reading. Patients who performed below the cut-off on at least two of the four tests were classified as presenting extrapersonal neglect. Personal neglect was assessed by means of the Use of Common Objects test (Zoccolotti, Antonucci, & Judica, 1992) and results were used to divide the group of right brain damaged patients in two subgroups, according to the presence/absence of personal neglect. See Table 1 for patients' demographic and assessment data.
All control participants performed well-within the normal range in tests assessing global cognitive functioning (Mini-Mental State Examination, Magni, Binetti, Bianchetti, Rozzini, & Trabucchi, 1996; Milan Overall Dementia Assessment, Brazzelli, Capitani, Della Sala, Spinnler, & Zuffi, 1994) .
Behavioral Testing: Topological Map of the Body
The topological map of the body was assessed by using the FBE of the Body Representation Test (Daurat-Hmeljiak Stambak & Berges, 1978) . This test has been extensively used to assess body representation deficits in adults with brain-damages (e.g., Di Vita, Palermo, Piccardi, & Guariglia, 2015 Guariglia & Antonucci, 1992; Guariglia et al., 2002; Palermo et al., 2014) or with lower-limb amputations .
Test materials included a plastic board on which the position of the head was depicted as reference, and nine tiles, each representing a body part (see Figure 1 ). Participants were presented with one tile at a time. The task was to identify the body part depicted (Basso, Capitani, & Laiacona, 1987) ; VJ ϭ Verbal Judgement Test (Spinnler & Tognoni, 1987 ). This document is copyrighted by the American Psychological Association or one of its allied publishers.
on the tile by naming it and then to place it on the board. The position of the tile was recorded by overlapping a transparent grid, which is removed together with the tile before presenting the next tile. The number of correct answers was recorded (max score 9).
Behavioral Testing: Data Analysis
Statistical analyses were performed using SPSS (IBM SPSS Statistics 20). A one-way ANOVA with the Group (C vs. LP vs. RPN ϩ vs. RPN-) as independent variable and the number of correct responses at FBE as dependent variable was used to test differences between groups on topological map of the body.
Considering that there was a strong overlap between patients affected by personal neglect and patients affected by visuospatial neglect (only two patients were affected by pure personal neglect) we also performed a 2 ϫ 4 mixed-factorial ANOVA, with the number of left body parts erroneously placed to the right (i.e., left-right inversion; LRI) and the number of right body parts erroneously placed to the left (i.e., right-left inversion; RLI) as within-subject factor and the Group (C vs. LP vs. RPN ϩ vs. RPN-) as between-subjects factor.
Post hoc pairwise comparisons in all the analyses were performed using t tests and Bonferroni's correction for multiple comparisons, as implemented in SPSS.
Neuroimaging Investigation: Neuroimaging Acquisition and Lesion Analyses
An in-depth MRI evaluation using a 3T Allegra scanner (Siemens Medical Systems, Erlangen, Germany) was carried out for 23 patients, within 3 days from the experimental assessment of the topological map of the body. In order to maximize both sensitivity and tissue specificity, and to obtain an accurate characterization of the pathological tissue in vivo, different anatomical sequences were combined, including a dedicated high-resolution T1-weighted image (MDEFT: Siemens MDEFT, 176 slices, in-plane resolution ϭ 1 ϫ 1 mm, slice thickness ϭ 1 mm, TR ϭ 7.92 s, TE ϭ 2.4 s) of the whole brain and fluid attenuated inversion recovery image (FLAIR: 24 slices, 192 ϫ 256 matrix, slice thickness ϭ 5.5 mm, TE ϭ 109 ms, TR ϭ 8.17 s).
Lesions were manually drawn on each patient's T1-weighted scans in the subject space (i.e., with a resolution below 1 mm), using the MRIcron software, and then resampled to MNI152 space using normalization parameters estimated by the SPM8 (Wellcome Department of Cognitive Neurology, London, UK) and, restricting the estimation of the normalization parameters to the healthy tissue, by means of lesion masking (Brett, Leff, Rorden, & Ashburner, 2001) .
Neuroimaging investigation: Topological lesion-deficit analysis. A voxel lesion symptom mapping (VLSM) analysis (Bates et al., 2003) was performed by means of the NonParametric Mapping software (Rorden, Karnath, & Bonilha, 2007) . For each voxel, VLSM analysis splits the sample between patients with and without lesions in that voxel and compares the behavioral scores of lesioned and nonlesioned patients using the Brunner and Munzel rank-order statistical test for continuous measures, testing for significant difference on a voxel-by-voxel basis (Bates et al., 2003) . Thus, going beyond the simple group's division according to a dichotomous criterion (i.e., presenceabsence of a given symptom), this analysis allows for testing more fine-graded symptom-lesion association. Here, behavioral scores, namely Patients' scores on FBE (Daurat-Hmeljiak et al., 1978) , were entered in the VLSM analysis, which was performed using 2000 permutations. Multiple comparisons issue was accounted by false discovery rate correction (p Ͻ .01).
Neuroimaging investigation: Hodological lesion-deficit analysis. Tractotron, as part of the BCB toolkit (http://www .brainconnectivitybehavior.eu/), was used to identify the tracts that could be affected by individual patient's lesion. Tractotron automatically computes the overlap of each segmented lesion with the map of the tracts.
Lesion from each patient was mapped onto the tractography reconstructions of white matter pathways obtained from a group of healthy controls (Rojkova et al., 2016) . The severity of the disconnection was quantified by measuring the probability of the tract to be disconnected (Thiebaut De Schotten et al., 2014) . A tract was considered disconnected when a lesion overlapped with a voxel that belonged to this tract with a probability that was above the chance level (probability Ͼ0.5). In the light of the analysis pipeline on track-wise statistics (see below), which mainly consisted of correlation and regression analyses, only tracts disconnected in at least 10% of patient entered further analyses.
A Pearson correlation analysis was carried out to identify tracts whose disconnection was associated with the performance at FBE. Then, a linear regression analysis was performed by using the patients' scores on FBE as the dependent variable, and lesion size and the probability of disconnections of the tracts-individuated troughs the correlation analysis-as the independent variables.
Results
Behavioral Data
The one-way ANOVA with the group as independent variable and FBE performance as dependent variable revealed a main effect of the group (F 3,28 ϭ 6.513; p ϭ .002; p 2 ϭ 0.411; observed This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
power ϭ 0.947). Post hoc pairwise comparisons showed that RPNϩ (mean FBE's score ϭ 3.86; SD ϭ 1.57) significantly differs from C (p ϭ .001; mean FBE's score ϭ 7.00; SD ϭ 1.32), LP (p ϭ .038; mean FBE's score ϭ 6.14; SD ϭ 0.90) and RNP-(p ϭ .027; mean FBE's score ϭ 6.11; SD ϭ 1.76). No other differences among groups were detected (all p s ϭ 1.00). The 2 ϫ 4 mixed-factorial ANOVA, with the number of LRI and RLI errors as within-subject factor and group as betweensubjects factor revealed a main effect of the group, F (3, 28) ϭ 4.019; p ϭ .017; p 2 ϭ 0.301 (observed power ϭ 0.782), but it failed in finding significant effect of type of error, F (1,28) ϭ 0.212, p ϭ .649; p 2 ϭ 0.008 (observed power ϭ 0.073); the Type of Error ϫ Group interaction did not reach the statistical significance, F (3,28) ϭ 0.023, p ϭ .995; p 2 ϭ 0.002 (observed power ϭ 0.053). The RPN ϩ performed significantly worse than C (p ϭ .020), suggesting that their worse performance on FBE are not due to LRI or RLI (see Table 2 for mean and standard deviation of LRI and RLI errors in each group). No other differences among groups were detected (all p s Ͼ 0.06).
Neuroimaging Data
Topological lesion-deficit analysis. The VLSM analysis (see Figure 2) showed that low scores on FBE test were significantly associated with lesions in clusters of voxels in the right hemisphere, which were mainly located in the putamen, the anterior insula, temporal (i.e., middle and superior temporal gyrus extending to the temporo-parietal junction [TPJ]), parietal (i.e., postcentral gyrus; angular gyrus, and supramarginal gyrus) and frontal lobes (i.e., middle and inferior frontal gyri as well as precentral gyrus), extending to the surrounding white matter.
Hodological lesion-deficit analysis. The correlation analysis revealed that the probability of disconnection of the right cingulum (r ϭ Ϫ0.393; p ϭ .032), fronto marginal tract (r ϭ Ϫ0.481; p ϭ .010), Handmid_U tract (r ϭ Ϫ0.363; p ϭ .045), Handsup_U tract (r ϭ Ϫ0.399; p ϭ .030), inferior longitudinal (r ϭ Ϫ0.368; p ϭ .042) andoptic radiations (r ϭ Ϫ0.389; p ϭ .033) were significantly negatively associated to the FBE's scores.
As it has been mentioned above, the probability of tracts disconnection, obtained from correlation analysis, was subsequently used in the regression analysis, with lesion size as independent variables and FBE's performance as dependent variable. This analysis revealed that only the disconnection of the frontomarginal tract in the right hemisphere (␤ ϭ Ϫ0.481; p ϭ .020) significantly predicted FBE's performances (see Figure 3) .
Discussion
The aim of the present study was to provide a detailed picture of the neural substrates of the topological map of the body in braindamaged patients. Using a data-driven correlational analysis Note. LRI ϭ left-right inversion errors; RLI ϭ right-left inversion errors; C ϭ controls; RNPϪ ϭ right brain damaged patients without personal neglect; RNPϩ ϭ right brain damaged patients with personal neglect; LP ϭ left brain damaged patients. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
(VLSM analysis), we found that worse performances on a test tapping the topological map of the body were associated with lesions in the right hemisphere, involving putamen, anterior insula, temporal (i.e., middle and superior temporal gyrus extending to the TPJ), parietal (i.e., postcentral gyrus; angular gyrus, and supramarginal gyrus) and frontal lobe (i.e., middle and inferior frontal gyri as well as precentral gyrus), extending to the surrounding white matter. Behavioral data showed that patients affected by personal neglect made a significantly higher number of errors compared to controls in a test that requires individuals to place different body parts in a coherent topological representation, that is a task requiring the generation of the mental image of the body.
The impaired performances we observed in patients with personal neglect do not seem to be due to the presence of visuospatial neglect. Although the majority of the patients with personal neglect also showed visuospatial neglect, did not show any lateral asymmetry (i.e., more errors for the left items than for the right ones); furthermore, also the number of inversion errors (which could be due to exploratory asymmetries) in the group of patients with personal neglect did not significantly differ form that observed in the other groups of patients, who were not affected by any spatial or explorative disorder. Generally, the present results confirm previous behavioral data suggesting the presence of specific body representations deficits in personal neglect (Baas et al., 2011; Coslett, 1998; Di Vita, Palermo, Piccardi, Di Tella, Propato, & Guariglia, 2017; Palermo et al., 2014) .
Taken together with data by Committeri et al. (2007) , who showed the involvement of the inferior parietal lobe in personal neglect, present results strongly support the hypothesis that personal neglect is due to a body representation deficit. This is also consistent with studies in which personal neglect has been found to be related to a disconnection between regions encoding proprioceptive/somatosensory inputs and regions encoding a more abstract and egocentric representation of the body space, such as the supramarginal gyrus (Coslett, 1998; Galati, Committeri, Sanes, & Pizzamiglio, 2001) .
The involvement of the right anterior insula, we found here, is consistent with the model outlined by Dijkerman and de Haan (2007) , who proposed that the insula provides the neural substrates for perception and memory of body sensations, and with the hypothesis that the inputs needed to form body representations are not exclusively exteroceptive but also interoceptive. Consistently, the anterior insula has been associated with processing of pain, temperature, itching, muscular and visceral sensations, hunger, and thirst (Craig, 2003; Grossi et al., 2014) . Present findings demonstrating the involvement of the postcentral gyrus and insula strongly suggest the hypothesis that to properly reconstruct a topological map of the body, a mental image of the body must be generated, starting from both esteroceptive and interoceptive information.
The TPJ seems to be essential in generating this mental image, because it is involved in building an internal model of the body that operates as a stored model for comparing new stimuli (Tsakiris, Costantini, & Haggard, 2008) . According to Tsakiris and colleagues (2008) , stimuli are processed and compared with an abstract model of the body, that maintains a coherent sense of the body. The model includes a body description based on visual information and information about the body's anatomical and structural properties (Costantini & Haggard, 2007; Tsakiris & Haggard, 2005) . Arzy, Thut, Mohr, Michel, and Blanke (2006) also found that the TPJ is specifically involved in self processing and multisensory integration of body-related information; indeed, TPJ resulted involved when participants had to generate a mental image of their own body in a disembodied self-location, but not when they had to generate a mental body image in an embodied position.
The involvement of TPJ, insula, and postcentral gyrus, therefore, suggests that to reconstruct a topological body map, individuals need to access to their own body image which provide a more schematic and abstract representation. This would support the idea that different pieces of information, other than the visual ones (that may come also from bodies of other individuals), are necessary. These results are in line with those by Palermo et al. (2014) on brain-damaged and amputee patients, showing that this type of body representation is not completely hard-wired in the brain. Instead, it seems to develop as a consequence of the actual interaction with our own body, and to not exclusively rely on visual information, as it was previously hypothesized (Schwoebel & Coslett, 2005; Tessari, Ottoboni, Baroni, Symes, & Nicoletti, 2012) and demonstrated using fMRI (Rusconi et al., 2014) .
Present data are also largely consistent with those by Anema et al. (2008) , who demonstrated the involvement of angular gyrus in patients with alterations of the knowledge about the normal configuration of body parts. Similarly, colleagues (2013, 2010) argued for a crucial role of the angular gyrus in processing the metric components of body representation.
The involvement of supramarginal gyrus is in line with previous results (Di Vita et al., 2016) showing that nonaction oriented body representation selectively activates the primary somatosensory cortex and the supramarginal gyrus.
The involvement of the precentral cortex, a motor area, seems to contradict the nonoriented to action nature of the topological body map. Nonetheless, the role of the precentral cortex may be explained by the general role of this area in representing, at an abstract level, body configurations necessary to motor actions (Le Clec'H et al., 2000) . This interpretation is supported by a recent study on healthy individuals which demonstrated the dynamic adaptation of visuospatial body map/structural body representation as a function of the postural changes (Tamè, Dransfield, Quettier, & Longo, 2017) . It is also consistent with findings showing that the pre/postcentral gyri underpin visuospatial mental imagery independently from motor intentions (Boccia et al., 2015) . Thus, considering the imaginative nature of FBE task, the association between FBE's performance and lesions of prepost central gyrus is not surprising.
With regards to the right middle temporal gyrus, to the best of our knowledge, no studies on body processes have specifically considered this area. Schwoebel and Coslett (2005) found that a deficit in the topological map of the body (defined by the Authors as "body structural description") was more frequent after left, but not right, temporal damage. Finding a prominent role of the left hemisphere in their study could be due to the presence of a semantic component in the task used to assess body structural description. The middle temporal gyrus is part of the default mode network (Yeo et al., 2011) and has been showed to be more active when individuals are engaged in internally focused tasks (Buckner, Andrews-Hanna, & Schacter, 2008) . The present results tentatively This document is copyrighted by the American Psychological Association or one of its allied publishers.
suggest the involvement of a specific node of the default mode network-namely the middle temporal gyrus-in the disruption of topological map of the body. Finding that the anterior insula and the parietal lobe are involved in topological map of the body is in line with results by Hilti et al. (2013) , who showed modifications of the cortical thickness in these areas in patients affected by xenomelia, a disorder associated with the desire of amputation of healthy limbs, in absence of any brain damage.
Generally, the present results strongly support the involvement of the right hemisphere in processing spatial knowledge about the body. On one hand, worse performances in a test assessing the topological map of the body were correlated only with lesions in the right hemisphere; on the other hand, only right brain damage patients performed significantly worse than healthy individuals in this task. Nevertheless, it must be considered that the need for enrolling patients without overt language disturbances could have resulted in the exclusion from the study of patients with lesions in areas critical for body representation, namely the left parietal lobe, which is also usually associated with aphasic disorders. Indeed, this area, which lesion is very frequent, has been repeatedly found to be involved in the topological map of the body (CorradiDell' Aqua et al., 2008 Aqua et al., , 2009 Ehrsson et al., 2005; Felician et al., 2004) .
The hodological symptom mapping revealed that the disconnection of the right Fronto-marginal tract predicts FBE's performances. The fronto-marginal tract connects the medial and lateral regions of the frontal pole (Rojkova et al., 2016) . In the present study, damage to regions linked by the Fronto-marginal tract, namely the orbitomedial prefrontal cortex, has been associated with FBE's worse performances. Northoff and Bermpohl (2004) , in reviewing the role of the cortical midline structures in the constitution of the self, found that these regions are involved in representing self-referential stimuli. They also suggested that orbitomedial prefrontal cortex is a convergent area builds up a multimodal representation of the stimuli which allows to label them as self-referential, by binding different pieces of information about the body (e.g., temperature, proprioception but also auditory and visual input). The involvement of the fronto-marginal tracts in the worse performances on FBE fits well with the idea that the topological map of the body also relies on the actual somatosensory and interoceptive information to be formed.
In sum, the performance of patients affected by personal neglect can be attributed to an alteration in a specific body representation, namely the topological body representation, which is build up basing on the external and internal information that comes from the body and are constantly updated and integrated. Current results shed precious light on the relation between the brain and the body processing and provide new insights on personal neglect features. This knowledge could be also relevant in developing rehabilitation programs rooted in a clear understanding of the cognitive processes compromised in this disorder.
